Vitamin A deficiency (VAD) is a widespread public health problem in developing nations affecting greatly pregnant and lactating women. To alleviate the deficiency, many strategies were set up by the Cameroonian authorities. However, the level of VAD is still very high, thus the option of supplementation of foods remains a very important option. The aim of this study was to evaluate the impact of a food supplementation with komba, a Cameroonian traditional yellow maize cake, on vitamin A status of lactating mothers in Ngaoundere town. To achieve this, 40 lactating mothers were recruited in four health facilities of the Ngaoundere town. They were dewormed and subdivided in two groups of 20 subjects each and fed for two months. The test group received 200 g of yellow maize cake while the control group received 200 g of white maize. 24-hour dietary recall was used to assess their food intake during the study period. Blood sample were collected at the beginning and the end of the study and the serum retinol determined. Results show that before the supplementation, 45% of the women had inadequate level of serum retinol in each group. At the end of the 2 months of supplementation, 30% of the control group remained inadequate, while the totality of all the women in the test group had adequate serum retinol levels (≥1.05 µmol/l). That means an improvement of the vitamin A status in the test group. Results also show a significant (p < 0.05) increase of 36.3% of serum retinol in the test group against 3.8% in the control group. The women of the test group had more chances to see their serum retinol increasing compared to the control group. Consumption of yellow maize cake therefore improves the vitamin A status of lactating mothers. The population can therefore change their habits to consume yellow maize instead of the white maize variety popularly consumed.
Introduction
Vitamin A Deficiency (VAD) remains a problem of public health in many developing countries [1] , and the primary cause is the insufficient dietary intake of this vitamin. In Cameroon, the Northern Regions (Adamawa, North and Far North) are the most concerned with 62.5% children affected [2] . In Ngaoundere, a town located in Adamawa Region, VAD risk is severe and acute for 20% and 35% pregnant women respectively [3] , and acute for 34% lactating mothers [4] . Vitamin A (VA) intake of this population is influenced primarily by their food habits [5] [6] . In spite of the efforts made by the Cameroonian authorities, particularly Vitamin A supplementation with capsules, deworming children of 6 to 59 months twice per year [7] , and the fortification in VA of some commonly consumed foods (vegetable oils, flour, dairy products) [8] , the rate of VAD remains high. It thus appears important to think of other alternatives to complement these efforts that will change the behaviors of the target population toward other Vitamin A rich foods.
Several studies showed the positive effect of food supplementation on VA status of the populations [9] [10] . Yellow maize has been shown to be rich in beta carotenes, a primary precursor of vitamin A [11] . This food crop has been found to have a high potential to maintain the hepatic reserves of retinol in animals [12] [13] . Supplementation with the yellow variety of maize, a staple in this region of Cameroon can go a long way to alleviate VAD. Maize production in this region (Adamawa) is about 72,668 tons [14] . It is consumed in various forms in Cameroon: boiled whole grains, porridge, couscous and cake (komba). Komba, a traditional maize cake widely consumed in the country, requires for its preparation the addition of ingredients such as vegetable oil and roasted groundnut paste that make it an interesting food matrix for optimal bioconversion and absorption of VA, a fat soluble vitamin. The aim of this study was thus to evaluate the impact of a food supplementation with a traditional yellow maize cake on VA status of the lactating mothers in the town of Ngaoundere, Cameroon.
Material and Methods

Area of the Study
The study was conducted in the town of Ngaoundere, in the Adamawa Region of Cameroon, located in the Northern part of the country. The characteristics of the town have previously been described [3] [4].
Preparation of Cakes
White and yellow maize flours were produced as describe in Figure 1 of sunlight to avoid the oxidation of carotenoids. Roasted groundnut paste was obtained from groundnuts whole grain as described in Figure 2 . Yellow maize and white maize cakes were then prepared by mixing maize flours, ingredients and groundnut paste as summarized in Figure 3. 
Recruitment and Deworming of the Subjects
Ethical approval for this study was obtained from the ethical committee of Ngaoundere Regional Hospital. Lactating mothers having given their consent 
Food Supplementation of the Subject's Diet
The The experimental process is summarized on Figure 4 .
Collection, Transport and Treatment of Blood Samples
Blood samples were collected on dry tubes by venous puncture. The tubes were wrapped with foil to avoid oxidation of retinol by sunlight. Two drops of 2,
6-diterbutyl-4 methyl phenol, an antioxidant, were added to each blood sample.
The samples were then transported in an icebox to the laboratory and centrifuged at 3000 G for 10 minutes. The serum was then decanted, and frozen in eppendorf tubes at −20˚C for serum retinol determination.
Nutritional Composition and VA Activity
Dry matter [15] , oil [16] , total proteins [17] [18], total sugars [19] and crude fibers [20] contents of white and yellow maize flours, roasted groundnut paste, white and yellow maize cake were determined, since these macronutrients have 
Quantification of Serum Retinol and Vitamin A Status of the Mothers
Serum retinol was measured by a UV spectrophotometry method [23] and VA status of the women determined according to the values thresholds defined by WHO [24] and presented in Table 1 .
Statistical Analysis
The data obtained in this study was subjected to analysis of variance (ANOVA) and means separated using the least significant difference test with the statistical software Stat graphics centurion at the 5% level of significance. Where appropriate, percentages (%) were calculated. Results are presented as means and standard deviation of three determinations.
Results
Nutritional Composition and VA Activity
Nutritional composition and VA activity of cakes are presented in Table 2 and Table 3 . From Table 2 there is no significant difference between komba made from yellow and white maize. Both are good sources of sugars, proteins, oils, and energy. µg, as against 20 µg of VA activity in komba made from white maize, which confirms the keen interest on yellow maize as a source of VA. 
Average Daily Intake of Vitamin A
Serum Retinol Level of the Women
Serum retinol of the subjects before and after the supplementation is presented in Table 5 . There is an increase of 36.3% of the average serum retinol level from 1.02 to 1.39 µmol/l in the test group, as against 3.8% increase in the control group. Thus, the mothers having consumed komba made using the yellow maize has more chance to have their serum retinol increase, compared to the women having consumed white maize. In addition, the post supplementation mean retinol serum in the test group is largely higher than the threshold of 1.05 µmol/l considered as appropriate by WHO [24] . 
Vitamin A Status of the Mothers
Discussion
The maize cake are being consumed directly after cooking and therefore in its Values with different superscript letters are significantly different (p < 0.05). Table 5 . Effect of supplementation on serum retinol level of the lactating mothers. to a VA activity of 116 µg, that is to say it covers approximately 30% of the daily needs in VA after consumption of 200 g of the cake made with yellow maize.
These results are in line with results obtained in Zimbagwe where 412 µg of vitamin A activity was found when 330 g of a meal made up of maize pulp containing 300 g of yellow maize, 20 g of butter and a capsule of 0.5 g of maize oil [11] .
The oil content of komba made using yellow maize is suitable for VA activity as insufficient oil consumption can significantly reduce its bioconversion and absorption [25] . Moreover, carotenoids contained in raw fruit and vegetables devoid of oil are only slightly absorbed (less than 3%), while pure β-carotene dissolves in an oily suspension is absorbed in a more efficient way (higher than 50%) [26] . It is therefore important for consumption of provitamin A rich products together with oil for maximum absorption. The rich proteins content in komba is an added advantage taking into consideration that transportation of retinol from liver to tissue is done by combination with Retinol Binding Protein produced in liver [27] . Therefore, the ingestion of small quantities of proteins can have a negative influence on transport, and thus the availability and the use of the retinol in the organism. Caloric deficit of diets is one of the secondary causes of VAD. The rather high levels of sugar in combination with the oil in In Niger, a supplementation during 6 weeks, increased by 31.34% the serum retinol of the subjects. This was justified by the fact that either the level of supplementation was too low to cover the needs in vitamin, or duration was too short to bring back the status of the individuals severely deprived to the normal level. The level and time of supplementation need to be well estimated before any food supplementation study can show significant outcome. In Burkina Faso, a nutritional intervention consisting in promoting the consumption of the palm oil by subsidies led to a rate of improvement in VA status of 55% of the target populations [10] . The rest of the 45% of the population were either those that did not include the palm oil in their diet or those who still found the price of palm oil still expensive in spite of the subsidy. It is thus important to take into account the food behaviors and the average income of the populations in the implementation of the food interventions.
Conclusion
The regular consumption of komba prepared using yellow maize improves vitamin A status of the lactating women in Ngaoundere (Cameroon). The populations should be recommended to consume yellow maize as oppose to the white variety in the hearths of VAD. The vulgarization of production of yellow maize to make it more available all over the country will be important to contribute to the alleviation VAD in Cameroon.
